In this paper, we design an adaptive sliding mode controller which is applied to optimal position tracking of threephase brushless DC motor. Considering the uncertainties and external disturbances of a three-phase brushless DC motor, we choose the sliding mode control (SMC) to be the major one. Normally we can't figure out the motor's uncertainty, so we propose an adaptive control to tune the motor's uncertainty. The adaptive control could be able to handle the unknown uncertainties and disturbances. Then we proved the stability of system by Lyapunov function, and the simulate results showed that it has excellent performance.
Introduction
As we all know, the motor plays an important role in the automation industry. The motor can drive a lot of difference external load of mechanical structure. And the three-phase DC motor is better than the traditional motor. Because the operation of three-phase DC motor has no friction between the brush and the shaft, it has high durability and it is quiet. And because the three-phrase DC has no friction this characteristic, it can work on high speed and avoid to maintain. The three-phase brushless DC motor has gradually replaced DC motor in the automation industry. The three-phase brushless DC motor is a very good drive device, it can be used in many different mechanical structure and has good stability and controllability. In this study, we design a position controller with three-phase DC motor to let the motor get an optimal position and contribute in the automation industry.
The Mathematical Model of Three-Phase Brushless DC Motor
Brushless motors can be constructed in several different physical configurations: In the conventional configuration, the permanent magnets are part of the rotor. Three stator windings surround the rotor. In the outrunner configuration, the radial-relationship between the coils and magnets is reversed; the stator coils form the center of the motor, while the permanent P -83 magnets spin within an overhanging rotor which surrounds the core.
Three-phase DC motor's equivalent circuit diagram:
The equation is follow as: 
Design Adaptive Sliding Mode Control
In this study, we design a sliding mode control to be the main controller because it has robustness. And we add the adaptive controller to estimates the unknown term.
Sliding mode control
An upper bound should be designed in a SMC and the parameter should be greater than other unknown parameters. First, we define switching function as e e . And the error defined as 
Adaptive Control
In the system, the load and the disturbance of the motor is unknown. In this study, to let the controller have more robustness, the load of the motor is adjusted by adaptive method.
So, we define the load estimation as L T , and the current load as L T . And we can get the equation and the adaptive control law as:
The adaptive sliding mode control law is follow as:
In steady state, this meets the design of the original parameter.
Stability Analysis
To prove the controller is stability, we need to define the Lyapunov function as:
And we define -L T , so we can get the Lyapunov function V as:
Conclusion
This study proposed an adaptive sliding mode controller, and successfully used on the three-phase DC brushless motor. It has been clearly shown that a good transient response. 
